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0 Supported platinum alloy electrocatalyst 

0 A supported platinum alloy electrocatalyst for an acid electrolyte fuel cell, said electrocatalyst consisting 
essentially of an electrically conductive powdery carbon carrier and dispersed in, and deposited on, the carrier, 
an ordered platlnum-iron-copper ternary alloy comprising 40 to 60 atomic percent of platinum, 13 to 40 atomic 
percent of iron and 13 to 40 atomic percent of copper. The electrocatalyst has much better initial activity and 
lifetime than conventional platinum alone or multi-components alloy electrocatalysts. A pnjcess for producing the 
supported platinum alloy electrocatalyst which comprises depositing copper on a previously formed platinum- 
iron supported binary ordered alloy, again subjecting the product to an alloying treatment, or depositing iron on 
tiie platinum-copper supported binary alloy and tfien again subjecting tiie product to an alloying treatment. An 
electrode for an acid electrolyte luel cell having an excellent output performance and a long operating life is also 
provided which comprises ttie above supported platinum alloy electrocatalyst and a water-repellent binder which 
are bonded to an electrically conductive and acid-resistant supporting member. 
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Supportad platinum alloy aieetroeatalyst 



nEELP OF THE INVENTION 

This invention relates to a supported platinum alloy electrocatalyst. processes for its production, and to 
an electrode containing the catalyst for use in an acid*electrolyte fuel cell. 

5 

PRIOR ART 

The fuel cell is an electrochemical device for directly converting a chentical energy generated from an 
10 oxidation-reduction reaction of a fuel such as hydrogen or hydrocarbons and an oxidizer such as oxygen 
gas supplied thereto Into a low-voltage direct cun-ent It Is generally comprised of a fuel electrode (anode), 
an oxidizer electrode (cathode), an electrolyte interposed between the electrodes, and means for separately 
supplying a stream of the fuel and a stream of the oxidizer to the anode and the cathode, respectively. 
An electrocatalyst is used in the anode and the cathode, and in operation the fuel supplied to the anode 
IS is oxidized on the electrocatalyst in the presence of the electrolyte to release electrons. On the other hand, 
the oxidizing agent supplied to the cathode is reduced on the electrocatalyst in the presence of the 
electrolyte while consuming the electrons supplied from the anode via an external circuit. At this time, the 
cunrent flowing through the external circuit is utilized as power under a fixed load. 

Thus, the electrocatalyst plays an important role in the fuel cell, and the output and service life of the 
20 fuel cell depends greatly upon the activity of the electrocatalyt In the early days, one or more noble metals 
selected from platinum (Pt). palladium (Pd). rhodium (Rh), ruthenium (Ru), iridium (Ir), osmium (Os). silver 
(Ag) and gold (Au) which are among the elements of Groups 8, 9, 10 and 11 of the periodic table (according 
to the lUPAC nomenclature recommended in November 1983) were used in the form of metal black as the 
electrocatalyst. 

25 Alloy catalysts comprising these noble metals in combination with one or more base metals such as 
aluminum, chromium, manganese, iron, cobalt nidkei and copper (U. S. Patents Nos. 3.428.490 and 
3,468.717), and skeleton catalysts resulting from dissolution of the base metal component from these alloys 
by acid or alkali treatment (U. S. Patent No. 3.429,750) have also been used. 

However, because tiiese catalysts have a low metal surface area, they require great quantities of noble 

30 metals. Furthennore. since they are very susceptible to sintering In the electrolyte, tiiey have a short active 
lifetime and are not economical. 

Later, a catalyst composed of a noble metal component dispersed and supported on a powdery carrier 
such as electrically conductive carbon black came Into use. This greatiy reduced the amount of tiie noble 
metel used and Inaeased ttie economic advamage of fuel cell power generation. However, for a phosphoric 

35 acid fuel cell which is now most likely to t)ecome practical to gain widespread commercial acceptance as a 
power generation system, it requires an operation life of at least 40.000 hours at an output efficiency above 
a reasonable level. An oxygen/hydrogen type phosphoric acid fuel cell has the defect tiiat tiie activation 
polarization of an oxygen reduction reaction at tiie catiiode is by far greater tiian that of a hydrogen 
oxidation reaction at the anode, and moreover, in tiie presence of tiie electrolyte at high temperatures and 

40 molecular oxygen as an oxidizer, dissolving and sintering of the active metal readily proceed. 

In recent years. In order to develop a fuel cell having a high efficiency, a long life and a low price, 
investigations have been made on a carbon powder supported catalyt which Is highly active mainly for tiie 
oxygen reduction reaction at the catiwde. Rrst, supported binary alloy catalysts composed of a platinum- 
group metal (one of noble metals of groups 8, 9 and 10 of the periodic table) and a base metal of groups 2 

45 to 6 of the periodic table such as vanadium, aluminum, tiatanium and chromium, which have a mass activity 
for oxygen reduction about twice tiiat of a catalyst composed of platinum atone, were found (U. S. Patents 
Nos. 4186110. 4202934 and 4316944). Thereafter, for higher activity, a supported platinum ternary alloy 
catalyst composed of platinum-vanadium or platinum-chromium and cobalt (U. S. Patent No. 4.447.506) and 
a supported temary alloy catalyst composed of platinum, cobalt and nickel (Japanese Laid Open Patent 

60 Publication No. 8851/1986) were disclosed. On tfie otiier hand, a supported platinum-iron binary ordered 
aJloy (PtaFe superiattice alloy) catelyst (Japanese Laid-Open Patent Publication No. 7941/1985), and further 
a supported temary ordered alloy catalyst comprising platinum, chromium and cobalt (U. S. Patent No. 
4.71 1 ,829) were proposed. 

Very recentiy, a platinum-iron-cobaslt temary alloy catelyst having not only improved catalytic activity 
but also an enhanced retention rate of metal surface area (Japanese Laid-Open Patent Publication No. 
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183746/1987) and a supported platlnum-copper binary alloy catalyst excelling convenfional ordered and 
non-ordered multi-component alloy catalysts In respect of the retention rate of metal surface area (Japanese 
Laid-open Patent Publication No. 289751/1987) were disclosed. 

However, none of these prior art catalysts can simultaneously satisfy activity and life required of 
practical fuel cells. 

SUMiy/IARY OF THE INVENTION 

It is an object of this invention to provide an electrocatalyst having higher activity and a longer active 
lifetime than in the prior art 

The above object is achieved In accordance with this invention by a supported platinum alloy electro 
catalyst for an acid electrolyte fuel cell, s^ electrocataiyst consisting essentially of an electrically 
conductive powdery carbon can-ier and dispersed in and deposited on, thf earner, an ordered platinum-iron- 
copper ternary alloy comprising 40 to 60 atomic percent of plaBnum. 13 to 40 atomic percent of iron and 13 
to 40 atomic percent of copper. 

The above object is also achieved in accordance with this invention by a process for producing a 
supported platinum aloy electrocatalyst for an acid electrolyte fuel ceil, said electrocatalyst consisting 
essentially of an electrically conductive carbon powder canrier and dispersed in, and deposited on. the 
carrier, an ordered platinum-iron-copper ternary alloy omprising 40 to 60 atomic percent of platinum, 13 to 
40 atomic percent of iron and 13 to 40 atomic percent of copper, which comprises depositing copper on a 
previously prepared platinum-tron supported ordered binary alloy, and further subjecting the product to a re- 
alloying treatment, or depositing iron on a previously prepared platinum-copper supported binary alloy and 
further subjecting the product to a re-alloying treatment 

Furthermore, the above object is achieved in accordance with this invention by an electrode tor an acid 
electrolyte fuel cell, said electrode comprising a supported platinum alloy electrocatalyst, a water-repellent 
binder, and an electrically conductive and acid-resistant supporting member to which the electrocatalyst and 
the water-repellent binder are bonded, said electrocatalyst consisting essentially of an electrically conduc- 
tive powdery caron carrier and dispersed in, and deposited on, the carrier, an ordered piatinum-iron-copper 
ternary alloy comprising 40 to 60 atomic percent of platinum. 13 to 40 atomic percent of iron and 13 to 40 
atomic percent of copper. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 is a phase diagram of a plaHnum-iron-copper ternary system at 1000 *C;, the numerals 
showing the composition of the metals in atomic percent 

Rgure 2 shows the unit lattice structure of a platinum-iron-copper ternary ordered face-centered 

tetragonal alloy; and 

Rgure 3 shows changes with time during 3000 hours in the IR-free terminal voltage of single cells 
comprising, electrode Including supported platinum-iron-copper ternary ordered alloy catalysts which are 
within the scope of the Invention, or a conventional electrode including platinum alone as a catalyst, or 
electrodes including multi-component plaBmum alloy catalysts are used as a cathode. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the present specification, the activity for the oxygen reduction reaction is evaluated by the maximum 
current density (mA/cm^ of electrode area) which an oxygen half cell shows at + 900 mV vs. a reversible 
hydrogen reference electrode (RHE; the same hereinafter). The cun-ent density per unit platinum mass is 
refeaed to herein as mass activity (mA/mg R). The quotient obtained by dividing the mass activity by a 
metal surface area (m^/g R) is referred to herein as specific activity (uAJcm^ Pt). 

The metal surface area is expressed by an electrochemical metal surface area, EC.MSA (m^/g R) 
obtained by measuring the amount of electricity in the course of hydrogen adsorption on a metal surface in 
the calhodlc sweeps of cyclic voltammetry. 

The supported platinum alloy electrocatalyst of this invention is fonmed from fine particles of a ternary 
ordered alloy comprising 40 to 60 atomic percent of platinum, 13 to 40 atomic percent of iron and 13 to 40 
atomic percent of copper and an electrically conductive cartx>n powder canrier in and on which these fine 
alloy particles are dispersed and deposited. 
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In the present invention, the alloy denotes a substitutional solid solution alloy. In general, the 
substitutional solid solution formed generally of platinum and another element can be obtained in various 
crystal structures depending upon the type and proportion of the other element 

Platinum alone is face-centered cubic (f.c.c), and its X-ray diffraction (XRD) pattern has no diffraction 
5 peak at lower diffraction angles 29 than that of the main diffraction peak (111). 

Even with a platinum solid solution alloy, the Bravals lattice of a dissolved alloy resulting from quite 
random substitution of otiier elements for tfie lattice points of platinum remains tece<entered on an 
average, and does not show a diffraction peak at the lower diffraction angle 20 side of (III) in its XRD 
pattern. 

10 The XRD pattern of an ordered alk)y of tiie Lia type (PtsFe type) in which tiie second metal component 
predominantly occupies (000) and platinum predominantiy occupies (1/2. 1/2. 0) has a diffraction pattem of 
a primitive cubic lattice. 

On tiie other hand, tiie XRD pattem of an ordered alloy of ttie Lio type (RFe type) in which platinum 
occupies (000) and (1^. 1/2, 0) and tiie second component element occupies the remaining (1/2. 0. 1/2) 
75 and (0. 1/2. 1/2) among the face-centered cubic lattice points of platinum has a diffraction pattem of a face- 
centered tetragonal system (f. c. t). 

In such ordered alloys, new diffraction peaks, i. e. ordered diffraction peaks, (100) and (110) occur in 
tiie otiier diffraction angle side of a main diffraction peak (111). The difference between tiie Li 2 type and 
tiie L10 type is confirmed by XRD pattem in which while in tiie fbrmer (220) and (202) are equivalent and 
20 become one difraction line, ttiey are non-equivalent and two diffraction lines appear In tiie latter. 

Tulameenite PtzFeCu is known as a naturally occum'ng platinum-iron-copper solid solution alloy, and 
Cabri et ai. reported tiiat Its crystal structure is of tiie L10 type (f.c.t) (L J. Cabri et ai.. (Radian 
IWineraiogist, Vol. 12. pp. 21-25. 1973)(a=b =3.891 A. c=3.577 A. c/aa0.9193) 

According to M. Shahmiri et ai., an ordered face-centered tetragonal (f. c. t.) region ranging from 
25 tulameenite PtsFeCu to teti^ferroplatinum PtFe exist in a phase diagram at 1000 *C of a platinum*iron- 
copper ternary system (M. Shahmiri et al.. Mineralogicai Magazine . Vol. 49. pp. 547-554, 1985; see Figure 
1 accompanying this application). In tiie PtzFeCu alloy of tiie tulameenite stnjcture. platinum atoms occupy 
(000) and (1/2. 1/2, 0) and iron or copper atoms occupy at random tiie remaining (1/2, 0, 1/2) and (0, 1/2, 
1/2) among the f. c. c. lattice points of platinum (see Rgure 2 of tiie accompanying drawings). Con- 
30 sequentiy. tiie axial lengtii in tiie C axis direction is shortened, and tiie lattice parameter become a»b^. 
a>c. The lattice parametars of an ordered regular tetragonal alloy within a preferred composition range in 
tiie catalyst of tills invention are in tiie range of about a-3.910 - 3.8780 A, c 83.580 - 3.670 k. 

There is also a cubic alloy of the Li 2 type (Pt&FeCu type) as tiie ordered alloy of tiie catalyst of tiiis 
invention. Its lattice parameter a changes depending upon tiie composition from tiie f. c. c. lattice parameter 
3S a » 3.923 A of platinum alone toward tiie lattice parameter (extrapolated to room temperature) of f. c. c. 7-Fe 
a 3 3.72 A or tiie f. c. c. lattice parameter of copper a-3.615 A. A regular cubic ordered alloy of tiie catalyst 
within a desirable composition range of tiiis invention has a lattice parameter a of about 3.790 to 3.860 A. 

If tiie proportion of at least one of iron and copper is less tiian 13 atomic percent in tiie platinum-iron- 
copper ternary alloy catalyst of tiie invention, or tiie proportion of platinum exceeds 60 atomic percent, tiie 
40 effect of adding iron and copper on catalytic activity does not obviously appear, and tiie catalyst only shows 
properties equivalent to tiiose of a catalyst composed of platinum alone, or ttiose of a binary alloy catalyst 
comprising platinum and Iron or platinum and copper. 

If tiie proportion of at least one of iron and copper exceeds 40 atomic percent, or tiie proportion of 
platinum is less tiian 40 atomic percent, iron and/or copper is dissolved in tiie acid electrolyte in an 
45 unnegiigible proportion, and tiie alloy phase Is degraded to reduce tiie stability of tiie catalyst 

The composition range which ensures enhanced catalytic activity and catalyst stability is a range of 40 
to 60 atomic percent for platinum. 13 to 40 atomic percent for iron and 13 to 40 atomic percent for copper. 

Desirably, tiie platinum-iron-copper alloy of this Invention is supported on the conductive carbon powder 
carrier In a highly dispersed state witii a metal surface area of at least 30 m^/g, preferably at least 60 m^/g. 
so if tiie surface area is less tiian 30 m^/g. the catalytic activity per unit weight of tiie alloy is Insufficient and 
such a catalyst is not economical. 

A conductive carbon powder is preferred as a canier material for supporting tills alloy, and fbr example, 
conductive carbon black, acetylene black and graphite powder may be used. Specific examples include oil 
fumace black sold under tiie tradenames Vulcan C-72 R and XC-72 (products of Cabot Corporation). 
59 Conductex 975 (a product of Columbian Chemicals Co.). and acetylene black sold under the tradename 
Shawinigan Black (a product of Quif Oil Corporation.) 

Vulcan XC-72 or Conductex 975 is desirably heat-treated at high temperatures in vacuum or in an inert 
gas atmosphere to perform partial graphitization treatment and thereby to increase corrosion resistance as a 
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carrier of etectrocatalyst used under highly corrosive conditions in which the acid electrolyte at high 
temperatures and an oxidizer such as oxygen are present 

The carrier material generally has a BET surface area of 60 to 250 m^/g and an average particle 
diameter of 0.1 to 50 microns. 

5 The loading amount of the platinum alloy on *e canier in the supported platinum alloy catalyst of this 
invention is usually 0.1 to 30 % by weight, preferably 5 to 15 % by weight, based on the total weight of the 
carrier and the platinum altoy. If It exceeds 30 % by weight, the degree of dispersion of the alloy on the 
carrier becomes relatively poor, and for an increase in the amount of the alloy used, the perfonnance of the 
catalyst is not conrespondingly improved, and the economical advantage of using the canier is reduced. 

10 Conversely, if the proportion of the alloy is extremely lowered, there is an upper limit to the degree of 
dispersion of alloy. If the degree of dispersion exceeds tiiis limit, its activity per unit mass of the catalyst 
decreases, and a targe amount of ti^e catalyst is undesirably required. 

The supported ordered platinuum alloy catalyst of this invention can be produced, for example, by the 
following procedure. Rrst, a powdery carrier material such as conductive carbon black is contacted with an 

75 aqueous solution or aqueous suspension (slurry) of compounds of metallic components constituting tiie 
alloy to permit adsorption or impregnation of ttie metallic compounds or their ions on or in tiie carrier. Then, 
while the slunry is stirred at a high speed, a dilute solution of a suitable fixing agent such as ammonia, 
hydrazine, formic acid or formalin is slowly added dropwise to disperse and deposit the metallic compo- 
nents on ttie canier as Insoluble compounds or parUy reduced fine metai particles. 

20 Acids or salts, such as divalent or tetravalent chloroplatinic acid, chioroplatinate salts, or solubilized 
H2Pt(OH)6 may.be used as tiie platinum compound. Examples of ttie iron compound are ferrous chloride, 
fenlc chloride, f^ous nitrate, fenic nitrate, ferous sulfate and feme sulfate. Examples of tiie copper 
compound include cuprous chloride, cupric chloride, cupric nitrate and cupric sulfate. 

In loading ttiese metal compounds on the carrier, a. method of simultaneous loading of ttiree compo- 

25 nents using a mixed solution of compounds of platinum, iron and copper may be applied. Alternatively, 
various multistep loading methods may also be used. For example, first a supportecd platinum catalyst 
having only platinum on tiie canrier is prepared, and then Iron and copper are simultaneously loaded, or first 
iron and tiien copper are successively loaded. 

The one-step alloying treatment by which iron and copper are simultaneousiy loaded on tiie supported 

30 platinum catalyst is advantageous because the operation is simple. However, to obtain a desirable 
tegtragonal ordered alloy in accordance with this invention from tine resulting catalyst precursr, an alloying 
treatment at relatively high temperatures becomes necessary. To obtain a highly dispersed tetragonal 
ordered alloy catalyst, a two-step alloying treatment method is prefen'ed which comprises first depositing 
Iron alone on the supported platinum catalyst and reducing and alloying it to form an ordered alloy, then 

35 loading copper, heating the mass again at relatively low temperature to reduce and alloy it, or loading only 
copper on the supported platinum catalyst, reducing and alloying it. then loading iron, and again heating the 
mass for reduction and alloying. 

The sluny of the catalyst precursor having dispersed and deposited platinum, iron and copper is filtered 
and then dried In a nitrogen streaam. Then, in a hydrogen atmosphere or an atomosphere of a gas 

40 containing liydrogen. it is ideated for reduction and ailoying. Even when it is heated in a hydrogen-free inert 
gas or in vacuum, some extent of reduction and alloying take place by ttie reducing funaction of the 
cari^onaceous material used as tiie canier. But ttie degree of altoying Is frequentiy Insufficient, and in most 
cases, the resulting catalyst does not exhibit sufficient catalytic activity. 

Generally, alloying of ttie loaded components require some degree of high temperature treatment. Witii 

45 ttie ternary system of platinum. Iron and copper witiiin tiie composition range of ttie catalyst of tiiis 
invention, solid solution alloying hardly takes place at temperatures below 600 * C. A solid solution alloy is 
formed at temperatures above 600 * C. but the product fomned at a relatively low temperature range of 600 
to 900 *C is a cubic ordered alloy. In order to obtain a tetragonal ordered alloy of tiie tulameenite type, 
high temperatures of 850 to 1.050 ' C are necessary, and temperatures of 900 to 1000 * C are preferred. 

50 The time during which the catalyst precursor is maintained at tiie above temperatures is from 20 minutes to 
2 hours. 

Heat-treatment at excessively high temperatures for a long period of time should be avoided because it 
results in tiie growth of tiie crystallite size of tfie alloy and decreases ttie metal surface area of ttie resulting 
catalyst 

55 The optimum temperature and time for the alloying treatment depend upon ttie particle sizes and tiie 
degree of dispersion of the metals or tiielr compounds deposited on ttie catalyst precursor before reduction 
and alloying. When the particle diameter is small and tiie components are highly dispersed Sjjfflcient 
alloying proceeds at lower temperatures within a shorter period of time to give an alloy having a small 
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crystallite diameter in the highly dispersed state. 

The preferred alloy crystallite diameter of the ternary ordered alloy in accordance with this invention Is 
not more than 100 A, especialy not more than 50 A. To obtain such fine crystallite, the slunry concentration, 
the rate of dropwise addition of the fixing agent and the stirring speed in the loading step and the heat- 

5 treatment temperature and time in the reduction and alloying step should be controlled so that the particle 
diameter of the metals or their compounds loaded on the catalyst precursor is not more than 50 A, 
preferably not more than 30 A. 

The temperature, at which a tetragonal ordered alloy having a preferred crystal form in accordance with 
this invention is formed, depends also upon the chemical existing states of the individual metal components 

10 on tfie catralyst precursor. As staled herein above, a tetragonal ordered alloy can be fbnnned at 850 to 900 
' C by subjecting a catalyst precursor containing platinum and iron to reduction and alloying treatment at 
800 to 900 * C to form a cubic ordered alloy of platinum and iron, dispersing and depositing copper on it. 
and again heating the mass for alloying. On the other hand, when iron and copper are loaded simulta- 
neously on a supported platinum catalyst and alloying is canried out in one step, high temperatures of 950 

75 to 1050 * C are required to obtain a tetragonal ordered alloy. According to the two-step alloying method in 
accordance with this invention, a tetragonal ordered alloy can be formed at lower temperatures. As a result, 
the crystallite size of the resulting alloy can be made smaller than in ttie case of one-step alloying, and an 
alloy catalyst having a larger meal surface area can be formed. The mass activity of the resulting catalyst, 
obtained as the product of the larger metai surface area multiplied by higher specific activity to be 

20 described below, is synergistically large, and its perfonnance is high. 

The oxygen reduction specific activity of the piatinum-iron-copper ternary ordered alloy catalyst of this 
invention is higher tiian any of the multi-component alloy catalysts previously reported, and is at least 3.3 
times tiiat of a catalyst of platinum alone supported on ttie same carrier. A catalyst which contains platinum, 
iron and copper but does not form a sufficientiy ordered alloy shows only lower specific activity. Among tiie 

25 ordered alloys, a tetragonal ordered alloy of tfie tulameenite type shows higher specific activity and higher 
catalyst stability ttnan a cubic ordered alloy. 

The stabiDty of the electrocatalyst is defined by tiie rate of retention of EC.MSA after the electrode is 
maintained for a fixed periof of time under loading of a fixed potential in an electrolyte, or by tfie reciprocal 
of ttie decay rate of cell terminal voltage after tiie acid electrolyte fuel ceil is operated for a fixed period of 

00 time at a fixed current density. 

The electrode of this invention for an acid electrolyte fuel cell using such a platinum alloy elec- 
trocatalyst will now be described. The fuel cell electrode is obtained by binding tiie platinum-iron-copper 
si43ported ternary ordered alloy catalyst and a water-repellent binder such as polytetrafluoroethylene. 
polyfluometiiylenepropylene or a trifluoroaikoxypolyethylene to an electrically conductive and acid-resistant 

35 supporting member such as graphite paper or a tnatalum screen previously subjected to water-repelling 
treatment and is especially useful as an oxygen reduction catiiode of a phosphoric add-type fuel cell. The 
water-repellent binder is required in order to bind the catalyst layer to tiie conductive supporting member, 
and also render tiie catalyst layer sufficientiy able to diffuse a reactant gas such as hydrogen or oxygen or 
a product gas such as water in ttie electro lyte, and to fonn a tiiree phase interface of gas. liquid and solid. 

40 The electrode ^of tiiis invention may be fabricated, for example, by the following procedure. Rrst. the 
above plainum-iron-copper supported ternary ordered alloy catalyst is produced as above. The resulting 
catalyst powder Is mixed witii a polytetrafluoroethylene suspension (commercially available from E. I. Du 
Pont de Nemours & Co. under ttie tradename of TFE-38) or another water-repellent binder composed of an 
acid-resistant polymer material to form a homogeneous suspension. The homogeneous suspention of ttie 

45 catalyst and tiie water-repllent binder is spread by a suction filtration method, a spraying metiiod. a roll 
coating method, etc. on a graphite paper as a supporting member previously subjected to water-repelling 
treatment witii an acid-resistant polymer materaial. The resulting material is tiien calcined in an atmosphere 
of an inert gas. 

Desirably, tiie platinum alloy is present on tiie supporting member in a catalytically effective amount 
so The catalytically effective amount generally con-esponds to about 0.1 to 2 mg, preferably about 0.2 to 1 mg, 
more preferably about 0.3 to 0.7 mg, of tiie platinum-iron-copper alloy per cm^ of ttie geometrical surface 
area of ttie electrode supporting member. 

The above electi'ode of ttie Invention can be utilized as a general gas diffusing electrode such as a 
button battery cell electrode, a gas sensor electrode and an electi'oiytic cell electrode, but especially 
55 preferably as an electirode for an add electrolyte fuel cell. Examples of ttie electrolyte used in such a fuel 
cell Include sulforic acid, hydrochloric add, and various superadds such as trifluoromethanesulfonic add, 
difluoromethanedisulfonic acid, and polytrlfluoroethylenesulfonic add in addition to phosphoric add. 

The following examples Illustrate the present Invention more specifically. It should be understood 
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however that the present invention is not to be limited to these examples. 



PRODUCTION EXAMPLE 1 

5 

Supported Pt catalyst:- 

Eighty-one grams of heat-treated conductive carbon blaeic <Vulcan XC-72R, a product of Cabot 
Corporation) having a specific surface area of 110 fC\Vg was slunied in 1500 ml of deionized water 

10 containing 4,0 g of glacial acetic acid. Separately. 9.0 grams of Pt as H2Pt(OH)6 was dissolved with amine 
In 600 ml of an aqueous solution. The platinum solution was added to the carbon slurry with stim'ng. While 
gradually adding 50 g of a 5 % aqueous solution of formic acid as a reducing agent, the temperature of the 
slurry was elevated gradually to about 95 * C, and then maintained at 95 * C for 30 minutes. It was allowed 
to cool to room temperature, filtered, and washed with delonizaed water. The filtration cake was dried at 95 

15 * C for 16 hours in a stream of nitrogen. The resuting 10 wl % Pt^C catalyst (C-1") C means a comparative 
example; the same hereinafter) has an MSA of 120 m^/g. 

PRODUCTION EXAf^Pl.£ 2 

20 

Supported R-Fe-Cu (atomic ratio 50-25:25) cubic ordered alloy catalyst- 

Rfty grams of the Pt/C catalyst (C-1") produced in Production Example 1 was dispersed in 1000 ml of 
deionized water by an ultrasonic biender to form a homogeneous slurry. While the slurry was stin-ed 

25 sufficiently vigorously, 150 ml of of a mixed aqueous solution containing 0.72 g of Fe as Iron (III) nitrate and 
0.82 g of Cu as copper (II) nitrate was added to the slun7. Then, the pH of the slurry was adjusted to 8.0 
while a 5 % dilute aqueous solution of hydraane was slowly added dropwise over 1 hour. The mixture was 
further maintained for one hour with stining. The slurry was then filter red, and washed with deionized 
water. The filtration cake was dried at 95 * CIn a stream of nitrogen 

30 The product was heated at 900 * C for ^2 hours in a stream of 7 % by volume of hydrogen (the • 
remainder being nitrogen), and allowed to cool to room temperature to give a carbon supported R-Fe-Cu 
alloy catalyst (C-2). In ttie Powder X-ray diffractometry (Cu Ka ray), unlike the XRD pattern of a platinum 
catalyst (C-1*), ordered peaks (100) 2a « 23.2 ' (appearing as a shoulder of a diffraction peak of graphite 
(002) of tile carbon black canier and (110)20*327 * appeared in ttie lower diffraction angle side tifian tiie 

35 main diffraction peak (111)20=40,7 and only one epeak appeared near 26=69.3 * in the (220) 
diffraction region. The catalyst was tiierefore identified as Li 2 type ordered cubic alloy. It had a lattice 
constant asg.934 A and a crystallite size of 38 A. 

Observation under an analytical transmission electron microscope consisting of a transmission electron 
microscope and an energy-dispersive X-ray microanalyazer showed tiiat the composition of tfie alloy 

40 particles was PtFe:Cu atomic ratio =5025:25. This led to tfie detemnination that the alloy was a PtiFeCu 
solid solution alloy. 

PRODUCTION EXAMPLE 3 

45 

Supported R-Fe-Cu (atomic ratio 50:25:25) catalyst:- 

A carbon supported Pt-Fe-Cu (atomic ratio 50:25:25) catalyst (0-3-) was produced as In Production 
Example 2 except that the dried cake was heated at 500 ' C for 2 hours In a stream of nitrogen. XRD peaks 
50 appeared at (111)25=40.1 ' and (220) ZB =68.0 * It was determined ttiat altiiough alloying occun-ed partiy. 
tiie product on tiie whole remained non-alloyed, namely in the state of a mixture of Pt, Fe and Cu. 



PRODUCTION EXAMPLE 4 

55 

Supported Pt-Fe-Cu cubic ordered alloy catalysts:- 

Carbon supported R-Fe-Cu alloy catalysts having a Pt:Fe:Cu atomic ratio of (40:20:40). (5528:17). and 
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(6020:20) respectively (C-4, C*5. and C-6> respectively) were produced in the same way as in Production 
Example 2 except that the amounts of Iron (III) nitrate and copper (II) nitrate charged were varied. By XRD, 
it was determined that these supported alloys were all cubic onjered alloys. The lattice parameters and 
crystallite sizes of these catalysts are shown in Table 1. 

5 

PRODUCTION EXAMPLE 5 



10 Supported R-Fe-Cu (atomic ratio 50*^5:25) tetragonal ordered alloy catalyst* 

A carbon supported R-Fe-Cu (atomic ratio 55:25:25) alloy catalyst (C-7) was produced in the same way 
as in Production Example 2 except that the dried cake was maintained at 1000 * C for 1.2 hours in a stream 
of 7 % by volume of hydrogen (the remainder being nitrogen). 

The XRO pattem of this catalyst had ordered peaks at (100) 20 22.8 * and (110) 2a » 32.2 * . and two 
15 diffraction peaks in the (220) region, i.e. (220) 2d »67.8* and (202) 28 » 70.8 *. This led to the 
determination that the catalyst had Lio -type tetragonal ordered alloy. The lattice parameters were a a 3.906, 
c« 3.631. c/a= 0.9296, and the crystallite size was 60 A. 



PRODUCTION EXAMPLE 6 



Supported Pt-Fe-Cu tetragonal ordered alloy catalysts: 

Carbon supported R-Fe-Cu alloy catalysts (C-8. C-9 and C^^IO having a Pt:Fe:Cu atomic ratio of 
25 (40*.20:40), (50:17:22) and (60*.20:20). respective, were produced in the same way as in Production Example 
5 except that the amounts of iron (III) nitrate and copper (II) nitrate charged were varied. XRD led to the 
detemnlnatlon that the supported alloys of these ca^ysts were all tatragcnal ordared alloys. Tne iatSce 
parameters and crystallite sizes of these catalyts are summarized in Table 1. 

30 

PRODUCTION EXAMPLE 7 



Supported Pt«Fe-Cu cubic ordered alloy catalysts: 
35 Carbon supported R-Fe-Cu alloy catalysts (C-11*, C-12*. C-13* and C-14") having a PtFe:Cu atomic 
ratio of (34:33:33). (45:45:10). (62:31:7). and (82:9:9), respectively were produced in the same way as in 
Productk>n Example 2 except that the amounts of Iron (III) nitrate and copper (II) nitrate charged were 
varied. XRD lad to the determination that the supported alloys of the catalysts are all cubic ordered alloys. 
The lattice parameters and crystallite sizes of these catalysts are summarized in Table 1 . 

40 

PRODUCTION EXAMPLE 8 



45 Supported R-FE-Cu tetragonal ordered alloy catalysts: 

Carbon supported Pt-Fe-Cu alloy catalysts (C-IS*. 016". C-17" and C-18") having a PtFe:Cu atomic 
ratio of (34:33:33). (45:45:10). (62:31:7) and (82.*9:9) were produced in the same way as in Production 
Example 5 except that the amounts of Iron (111) nitrate and copper (II) nitrate charged were varied. The 
lattice parameters and crystallite sizes of these catalysts are summarized in Table 1. 



PRODUCTION EXAMPLE 9 



55 Supported R-Fe (atomic ratio 67:33) cubic ordered alloy catalyst 

A carbon supported R-Fe (atomic ratio 67:33) alloy catalyst (0-19") was produced in tiie same way as 
in Production Example 2 except tiiat Fe alone was deposited on the carbon supported R catiayst (Ol^ by 
using an aqueous solution of iron (III) nitrate containing 0.72 g of Fe. By XRD, it was determined that a 
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cubic ordered alloy having a lattice parameter a of 3.862 A and a crystallite size of 34 A was fomned. 



PRODUCTION EXAMPLE 10 



Supported R-Fe cubic ordered alloy catalysts: 

Carbon supported R-Fe alloy catalysts (0-20* and C-21") having a R:Fe atomic ratio of (50:50) and 
(7525) respectively were produced in the same way asin Production Example 9 except that the amount of 
iron (111) nitrate charged was varied. XRD led to the determination that these supported alloys are cubic 
ordered alloys. The lattice parameters and crystallite sizes of these catalysts are summarized In Table 2. 



PRODUCTION EXAMPLE 11 



Supported R-Fe<Xi (atomic ratio 50:25:25) tetragonal ordered alloy catalyst- 

Rfty grams of the carbon supported R-Fe alloy catalyst (C-190 obtained in Production Example 9 was 
dispersed by an ultrasonic blender in 1000 ml of deionized water to form a homogeneous sluny. While the 
slurry was stin-ed sufficiently vigorously, 75 ml of an aqueous solution containing 0.82 g of Cu as copper (II) 
nitrate was added to the slunry. Then, while a 5 % dilute aqueous solution of hydrazine was slowly added 
dropwise over 1 hour» the pH of the slurry was adjusted to 8.0. After filtration, washing and drying, the 
product was subjected to an alloying treatmentt to produce a carbon supported R-Fe-Cu alloy catalyst (C- 
22). XRD led to the determination of \he formation of a tetragonal ordered alloy having lattice parameters 
aa3.887 A, c=3.e39 A and c/a«0.9362 and a crystallite size of 40 A. 

In the same way, Cu was deposited on the carbon supported R-Fe alloy catalysts (C-200 and (C-21*) in 
an amount of 0.35 g and 054 g, respectively. The resulting catalyst precursors were subjected to an 
alloying treatment in accordance wHh Production Example 2 to produce carbon supported R-Fe-Cu 
tetragonai ordered aiioy catalysts (C-23" and C-24) having a R:Fe:Cu atomic ratio of (45:45:10) and 
(60-.20-.20) respectively. The lattice parameters and crystallit sizes of ttxese catalysts are shown in Table 1. 



PRODUCTION EXAMPLE 12 



Supported Pt-Fe (atomic ratio 50:50) tetragonal ordered alloy catalyst- 

A carbon supported R-Fe (atomic ratio 50:50) catalyst (C-25^ was produced In the same way as In 
Production Example 5 except that only Fe was deposited on tiie carbon supported Pt catalyst (C-1") by 
using an aqueous solution containing 0.72 g of Fe as iron (III) nitrate. XRD led to ttie determination of ttie 
fonnation of a tetragonal ordered alloy having lattice parameters, a » 3.863 A. c= 3.722 A, c^a= 0.9635.. 



PRODUCTION EXAMPLE 13 



Supported R-Cu disordered alloy catelysts:- 

A supported Pt-Cu (atomic ratio 67:33) alloy catalyst (C-26') was produced in the same way as in 
Production Example 2 except tiiat Cu alone was deposited on tiie carbon supported R catelyst (C-l") by 
using an aqueous solution containing 0,82 g of copper as copper (11) nitrate. XRD led to tiie determination of 
the formation of an f.c.c. solid solution alloy having a lattice parameter a of 3.836 A and crystallite size of 35 
A. No ordered peak was detected. 

In tile same way as above, a supported R-Cu (atomic ratio 50:50) alloy catalyst (C-2r) was produced 
by depositing 1.63 g of Cu on tiie carbon supported Pt catalyst (C-1*) and alloying the resulting product in 
accordance witfi Production Example 2. When the same catalyst precursor was alloyed in accordance witii 
Production Example 5. It was determined by XRD ttiat the resulting supported Pt-Cu alloy catalyst only in 
an Increase of its crystellize size to 89 A, and Its space symmetry was not changed from tiiat of a 
disordered alloy. 
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to 



Supported Pt-Fe-Cu ( atomic ratio 50:25:25) tetragonal ordered alloy catalyst:- 
A carfcKDn supported Pt-Fe-Cu alloy catalyst (C-28) was produced in the same way as in Example 2 
except that FE alone was deposited on the carbon supported Pt-Cu alloy catalyst (C-26^ produced in 
Production Example 13 by using an aqueous solution containing 0.72 g of Fe as iron (III) nitrate. XRD led to 
the determination of the formation of a tetragonal ordered alloy having lattice parameters a » 3.889 A, 
c a 3.637 A and c/a» 0.9352 and a crystallite size of 39 A. 



PRODUCTION EXAMPLE 15 



75 Supported R-Fe-Co (atomic ratio 50*25:25) ordered cubic alloy catalyst- 

A supported Pt-Fe-Co alloy catalyst (0-29*) was produced in the same way as in Production Example 2 
except that Fe and Co were deposited on the carbon supported Pt catalyst (C-l") by using a mixed aqueous 
solution containing 0.72 g of Fe as iron (ill) nitrate and 0.76 g of Co as cobalt (II) nitrate. XRO led to the 
determination of the formation of an cubic ordered alloy having a lattice parameter, a, of 3.817 A and a 

20 crystallite size of 35 A. 



EXAMPLE 16 



25 



Supported R-Cr*Co (atomic ratio 50:25:26) ordered alloy cataiyst- 

A supported Pt-Cr-Co alloy catalyst (C-3Q*) was prcducsd In the same way as n Production Example 2 
except that Cr and Co were deposited on the Pt catalyst (C-1*) by using a mixed aqueous solution 
containing 0.67 g of Cr as chromium (111) nitrate and 0.76 g of Co as cobalt (11) nitrate. XRD led to the 
30 determination of the fomnation of a cubic ordered alloy having a lattice parameter a of 3.827 A and a crystal 
dsizeofSOA. 



35 



60 



PRODUCTION EXAMPLE 17 



Supported R-Co-Ni (atomic ratio 50:25:25) disordered alloy catalyst;- 

A supported Pt-Co-NI alloy catalyst (C-31*) was produced in the same way as in Production Example 2 
except that Co and Ni were deposited on the Pt catalyst (C-l") by using a mixed aqueous solution 
40 containing 0.76 g of Co as cobalt (II) nitrate and 0.75 g of nickel (II) nitrate. XRD led to the detemnnation of 
the formation of an f.c.c. disordered alloy having a lattice parameter a of 3.789 A and a crysallito size of 32 
A. *" 



45 



55 
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Tabid 1 



5 



T6 



20 



25 



Production 
Example 


Catalyst (atomic 
ratio) 


Catalyst 
No. 


Solid solution ailoy 


XRD 
a (A) 


lattice 
C(A) 


paranneters 
c/a 


Crystallite 
size (A) 


Crystal 
form 


Orderliness 


2 


R-Fe-Cu(50:2525yC 


C-2 


nihie 


ordered 


3.834 






oo 


4 


R-Fe-Cu(40-20:40)/C 


C-4 


cubic 




3.798 








« 


Pt-Fe-Cu(55:28:17yC 


C-5 


cubic 




3.856 






40 


n 


Pt-F0-Cu(6O2O2O)/C 


C-0 


cubic 




3.862 






38 


5 


Pt-Fe-Cu(502525)/C 


C-7 


lOuoQOnal 


Arr(Aro/4 


3.906 


3.631 


0.9296 


60 


6 


R-Fe-Cu(40'20:40)/C 


C-8 


leuagonal 




3.896 


3.606 


0.9256 


55 


N 


Pt.Fe-Cu(50:17:33)/C 


C-9 






3.903 


3.628 


0.9295 


58 


1* 


Pt-Fe-Cu(60:20:20)/C 


C-10 


loxragonai 




3.909 


3.636 


0.9302 


65 


11 


Pt-Fe-Cu(50:2525)/C 


C-22 


tatragonai 


A if ^ A if A A 

oraereo 


3.887 


3.639 


0.9362 


40 


n 


R-Fe-Cu(60-2020)/C 


C-24 


^A^y a A AVI 4 1 

leiragonai 




3.878 


3.665 


0.9451 


44 


14 


R-Fe-Cu(50:25:25yC 


C-28 


f AWaAAnal 

iQuagonaj 


ArHAf aH 


3.889 


3.637 


0.9352 


<4A 

39 


3 


R-Fe-Cu(502525yC 


C-3' 


f A A 




3.894 






nA 

28 


7 


R-Fe-Cu^33:33yC 


c-ir 


cubic 


ordered 


3,797 






36 


m 


Pt-Fe-Cu(45:45:10yC 


C-12* 


cubic 


ordered 


3.862 






40 


It 


Pt-Fe-Cu(e2:31:7yC 


C-13* 


cubic 


ordered 


3.877 






47 


n 




C-14* 


cubic 


ordered 


3.898 






60 


8 


R-Fo-Cu(34:33:33yC 


C-15* 


tetragonal 


ordered 


3.863 


3.667 


0.9493 


50 


« 


Pt-F0-Cu(45:45:1OyC 


C-16* 


tetragonal 


ordered 


3.875 


3.705 


0.9589 


62 


« 


R-Fe-Cu(62:31:7yC 


c-ir 


cubic 


ordered 


3.856 






76 


If 


Pt-Fe-Cu(82:9:9yC 


c-ir 


cubic 


ordered 


3.890 






do 


11 


R-Fe-Cu(4S:45:10yC 


C-23' 


tetragonal 


ordered 


3.871 


3.723 


0.9618 


42 



SO 



Tab!e2 



35 



Production 
Example 

• 


Catalyst (atomic ratio) 


Catalyst 
No. 


Solid solution alloy 


a (A) 


c(A) 


c/a 


(A) 


Crystal 
form 


Orderliness 


1 


PVC 


c-r 






3.923 






23 




Pt-Fe(67:33)/C 


C-19* 


cubic 


ordered 


3.862 






34 


10 


Pt-F=e(50:50)/C 


0-20* 


cubic 


ordered 


3.847 






39 
41 


If 


Pt-Fe(75:2S)/C 


c-2r 


cubic 


ordered 


3.881 






12 


R-Fe(50:50yC 


0-25* 


tetragonal 


ordered 


3.883 


3.722 


0.9635 


61 


13 


Pt-Cu(67:33yC 


C-26' 


f.c.c. 


disordered 


3.836 






35 


II 


R-Cu{50:50yC 


C-27* 


f.c.c 


disordered 


3.794 






37 


15 


Pt-I=e-Co(50:25:25)/C 


C-29' 


cubic 


ordered 


3.817 






35 


16 


Pt-Cr-Co(5055:25)/C 


G-30- 


cubic 


ordered 


3.827 






36 


17 


Pt-Co-Ni(5025:25yC 


C-31" 


f.c.c. 


disordered 


3.789 






32 



55 Production of electrodes 



Each of the cataiyts obtained in Production Examples 1 to 16. C-r, C-2. C-S*. 0-4 to C-10. C-ir to C- 
20*. 0-22, C-23*, 0-24, 0-25* to C-2r. C-28. and C-29* to C-31", was dispersed by an ultrasonic blender in 
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an aqueous dispersion of polytetrafluoroethylne (TEFLON ®. TFE-30, a product of E. 1. Du Pont de 
Neamous and Co.). Aluminum trichloride was added to the mixed slurry to flocculate and precipitate a 
cotton-like floe. The cotton-like floe containing the catalyst and polytetrafluoroethylene in a dry weight ratio 
of 50:50 was spread on a supporting member composed of graphite paper previously subjected to a water- 

5 repelling treatment with polytetrafluoroethylene* The resulting material was pressed, dried, and calcined In a 
nitrogen stream at 350 * C for 16 minutes to provide electrodes E-r, E-2, E-3*, E-4 to E-10, E-11* to E-20', 
E-22. E-23", E-24, E-25- to E-2r. E-28, E-29* to E-31". £-28. E-2ff' to £-31" conresponding to the catalysts. 
C-r. 02, C-3*. C-4 to OlO. C-ir to C-20-, C-22. C-23*, C-24, C-25* to C-ZT, C-28. and C-29* to C-3r. 
These electrodes were produced so that they contained 0.50 mg of the deposited metals (i.e.. Ft or Pt 

70 alloys) per cm^ of the electrode. 

The catalysts and elecdrodes obtained In the foregoing examples and comparisons were subjected to 
the following tests. 



IS 1, Test for specific activity to an oxygen reduction reaction 

Oxygen half ceil performance was measured on each electrodes E-r. E-2, E-3*. E-4 to E-10. E-ir to E- 
20", E-22, E-23'. E-24. E-25' to E-2r. E-28. E-29" to E-SV, by passing an oxygem {O2) gas at a flow rate of 
600 ml/min. over an electrode (24 mm in diameter) using 105% phosphoric acid as an electrolyte at 200 

20 * C. A half cell perfonmance curve of internal resistance-free (IR-free) terminal voltage vs. current densities 
was obtained. The current density (mA/cm^) of each of these electrodes at -i* 900 mV vs. RHE was 
determined. The cunent density was divided by the loaded amount of R per unit electrode surface, and 
further by the EC.MSA (mVg Pt) to obain specific activity (uA/cm^Pt). The results are shown in Tables 3 
and 4. The carbon supported R-Fe-Cu ordered alloy (E-2. E-4 to E«10. E-22. E-24 and E-28) of the 

25 invention showed high activity 3.3 to 4 times that of R alone (E*1*)and had higher activity than any of 
ordered or disordered alloys R-Fe (E-19". E-20 *). R-Cu (E-2e', E-27), R-Fe-Co (E-29 •). R-Cr-Co (E-30^ 
and R-Co-Ni (E-31") heretofore known. Among Pt-Fe^u ordered alloys, the tstragonai onjared alloys (E-7 
to E-10. £-22. E-24, E-28) had 3% to 20 % higher activity than cubic ordered alloys (£-2. E-4 to £-6) of the 
same composition, 

30 Among the R-Fe Cu tetragonal ordered alloy catalysts, those prepared by the low-temperature 2-step 
alloying method and those obained by high temperature one<^p alloying gmethod had nearly the same 
specific activity, but the fonner catalysts (E-22. E-24 and E-28) had larger EC.MSA values than the latter 
catalysts (E-7 to E-10). and thus were 20 to 50 % higher in mass activity than the latter. 

R-Fe-Cu ordered alloys containing less than 40 atomic percent of R (E-ir and E-150 or those having 

35 more than 60 atomic percent of R (E-13*. E-14*. E-IT* and E-18*), or those containing less -than 13 atomic 
percent, or more than 40 atomic percent, of Fe or Cu (E-l?. E-ie* and £-23^ had specific activity 
equivalent to conventional binary to ternary alloys at ^e highest 

Tetragonal ordered alloys falling outside the preferred composition range of this nvention (40 to 60 
atomic percent of Pt; 13 to 40 atomic percent of Fe; and 13 to 40 atomic percent of Cu), namely E-15 *, E- 

40 16*. E-23* and E-2S' had higher spedfic activity than cubic alloys of the con-esponding composition (E-11'. 
E-12' and E-20'. respectively}, but their specific activity was still the same as that of conventional catalyst 
Even the highly dispersed alloy (E-23") prepared by the 2-step alloying metiiod is no exception, and its 
mass activity was not so high and only 1.7 times ttiat of Pt alone. A Pt-Fe-Cu ternary alloy catalyst witiiin 
the composition range of tills invention in which, however, alloying is insufficient (£-3*)! had a specific 

45 activity only equalling to that of a conventional binary or ternary alloy catalyst at the highest 



II. Test for electrode stability 

50 A test sample of each of electrodes E r, E-2, £-3*. £-4 to E-10. E-1 V to £-20*. E-22. E-23*. E-24. E-25* 
to E-27*. £-28, and £-29* to £-31* was immersed in 100 ml of 105% phosphoric acid put In an aging cell. 
While tiie atmopshere was purged witti a dry nitrogen gas stream and applying a constant voltage of +700 
mV (vs. RHE), the sample was maintained at 200 * C for 50 hours. Then, its EC.MSA was measured, and 
compared witii tiiose of ttie sample before tiie treatment The results are ahown in Tables 3 and 4. 

55 
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Table 3 





C19UUOUO 


wciusuyoi 


OxvQdn raductlon 


Before 


EC.MSA (m2/gPt) 20O* C, 


Retention 




Nn 




sDdcific activity 


testinQ 


••■0.7V 50 hours later 


(%) 


5 
















E-2 


R-Fe-Cu/C 


118 


77 


57 


74 




E-4 


Pt-Fe-Cu/C 


115 


88 


63 


72 




E-5 


R-Fe<;u/C 


117 


75 


57 


76 


70 


E-6 


R-Fe-Cu/C 


110 


80 


60 


75 




E-7 


R-Fe-Cu/C 


128 


54 


42 


78 




E-8 


R-Fe-Cu/C 


122 


60 


46 


77 




E-9 


R-Fe-Cu/C 


126 


55 


42 


76 




E-10 


R-Fe-Cu/C 


128 


48 


38 


79 


15 


E-22 


Pt-Fe-Cu«; 


132 


75 


60 


80 




E-24 


Pt-Fe-CuA3 


128 


71 


55 


77 




E-28 


Pt-Fe-Cu/C 


130 


77 


58 


77 




E-3' 


R-Fe-Cu/C 


59 


100 


56 


56 




E-ir 


R-Fe-Cu«; 


82 


92 


51 


55 


20 


E-ir 


R-Fe-Cu«3 


77 


78 


53 


68 




E-13' 


R-Fe-Cu/C 


69 


75 


47 


63 








SO 


52 


35 


67 




E-15* 


R-Fe-Cu/C 


88 


57 


35 


61 




E-16- 


Pt-Fe-Cu/C 


84 


S3 


37 


70 


25 


E-17" 


R-FW;u/C 


65 


46 


31 


67 




E-lff 


Pt-Fe-Cu/C 


56 


39 


32 


62 




E-23' 


R-Fe-Cu/C 


85 


80 




65 



30 

Table 4 



35 



40 



Electrode 


Catalyst 


Oxygen reduction 


Before 


EC.MSA (tn2/gR) 200 *C. 


Retention 


No. 


specific activity 
(liA/cm*R) 


testing 


■•■0.7V 50 hours later 


(%) 


E-1* 


Pt/C 


33 


120 


48 


40 


E-ia* 


R-Fe/C 


79 


81 


50 


62 


E-20" 


R-Fe«D 


72 


73 


53 


73 


£•25* 


R-Fe/C 


80 


67 


48 


73 


£-26* 


R-Cu/C 


108 


82 


64 


78 


E-2r 


Pt-Cu/C 


102 


80 


58 


73 


£-29* 


R-Cu/C 


102 


82 


58 


71 


E-SO* 


R-Cr-Co/C 


83 


77 


51 


66 


E-31* 


R-Co-Ni/C 


90 


88 


56 


64 



The electrodes E-2 to E-10. E-22, E-24 and E-28 having the Pt-Fe-Cu ordered alloy catalysts of this 
so invention showed 1.8 times as high a stabilty as electrode E-r containing Pt alone as a catalyst. Among 
conventional binary or ternary alloy catalysts, only Pt-Cu/C (E-aS* and £-26^ were comparable with the 
above catalyts. The other Pt-Fe/C (E-10* and E-20 R-Fe-Co/C (E-29^. R-Cr-Co/C (E-3O0. and R-Co-Ni/C 
(E-31*) all had an EC.MS retention of not more than 73 %. Pt-Fe/C (E-25*) contained an ordered tetragonal 
alloy not at all mentioned in the above-cited Japanese Laid-OPen Patent Publication No. 156551/1985 and 
55 had an alloy crystal structure similar to the Pt-Fe-Cu tetragonal ordered alloy of this invention. This is 
probably the reason why £-25* had high stability. Stability alone, however, is not enough for a catalyst of 
high performance, and it must have both high speciific activity and high stability. The specific activity of a 
R-Fe tetragonal alloy (£-25*) does not exceed 70 % of that of the Pt-Fe-Cu ordered alloy of this invention. 



13 



EP0 35S8S3A2 



Furthermoe. as stated above, the specific activities of the Pt-Cu altays (E-25* and E-2eOare below that of the 
Pt-Fe-Cu ordered alloy of the Invention. Pt-Fe-Cu ordered alloy catalysts outside the composilton range of 
40 to 60 atomic percent Pt, 13 to 40 atomic percent Fe and 13 to 40 atomic percent Cu had a relatively low 
ECMAS retention of less than 70 %, (E-ir to E-IS", E-ir and E-23*), or alternatively, the initial EC.MAS 
5 itself of the above catalyst was very low (E-1 6" to E-1 ff). 



III. Test of Fuel cell (single cell) 

10 A small-sized single cell (effective electrode area 7.4 cm x 7.4 cm) was assembled by using electrode 
E-r as an anode, and each of electrodes E-r. E-1 9*. E-22, E-26'. E-29", E-SC, and E-31" as a cathode. 
While feeding hydrogen and air to the anode and cathode respectively at a flow rage of 100 ml/min. and 
600 ml/min.. the cell was operated at a cun'ent density of 160 mA/cm^ for 3,000 hours by using 85 % 
phosphoric add as an electrolyte. Figure 3 shows changes with time in the IR-free cell terminal voltage of 

75 each single cell. 

The single cell using electrode E-22 prepared by using the R-Fe^u ordered alloy cataltst of this 
invention as the cathode, in its initial performance 500 hours after the start of operation, showed a cell 
temninal voltage higher by 55 mV. 27 mV, 13 mV, 5 mV. 22 mV and 20 mV than the single cells using the 
comparative Pt/C electrode (E-n, R-Fe/C electrode (E-19-). R-Cu/C electrode (E-260, R-Fe-Co/C electrode 

20 (E-29*), R-Cr-Co/C electrode (E-30T and R-Co-Ni/C electrode (E-SI*), respectively. 

In addition to the higher initial cell voltage, the single cell using E*22 as the cathode showed a markedly 
suppressed decay rate of cell voltage of about 4 mV/1000 hours, as compared with the decay rates of 
about 15 mV/1000 hours of the single cell including E-r as the cathode and 10 mV/1000 hours of the single 
cells Including E-1 9*. E-29", E 30" and E-3r as the cathode respectively. The decay rate of the single cell 

as including E-22 as the cathode was about 20 % lower ftan the decay rate (5 mV/1000 hours) of the single 
cell including E-26* as the cathode. 

As shown above, the carbon powder-supported R-Fe-Cu ordered aiioy eiectrocatalyst of this Invention 
shows a much higher perfbmnance than conventional mutticomponent alloy catalysts both in respect of 
initial activity and active lifetime as a cathode catlayst for a fuel cell. An acid electrolyte fuel cell constructed 

30 by using this elecrocataiyst and a suitable supporting member has an excellent output performance and a 
long operation life, and brings about a great economical effect 



aalms 

35 

1. A supported platinum alloy eiectrocatalyst for an acid electrolyte fuel cell, said eiectrocatalyst 
consisting essentially of an electrically conductive powdery carbon canier and dispersed in. and deposited 
on, the carrier, an ordered platinum-iron-copper temary alloy comprising 40 to 60 atomic percent of 
platinum, 13 to 40 atomic percent of iron and 13 to 40 atomic percent of copper. 
40 2. The eiectrocatalyst of claim 1 in which the platinum-iron-copper temary ordered alloy is of a feice- 
centered tetragonal staicture. 

3. The eiectrocatalyst of claim 2 In which the platinum-iron-copper temary ordered tetragonal alloy has 
an average crystalttta diameter of not more than 50 A and is supported in a highly dispersed state on the 
canier. 

4$ 4. The eiectrocatalyst of claim 3 in which the amount of the platinum alloy loaded is 0,1 to 30 % by 
weight based on the total weight of the alloy and the canier. 

5. The eiectrocatalyst of claim 3 in which the amount of the platinum alloy loaded is 5 to 15 % by 
weight based on the total weight of the alloy and the canrler. 

6. The eiectrocatalyst of claim 5 in which the platinum-iroi -copper alloy is loaded on the carrier in a 
so highly dispersed state with a metal surface area of at least 30 m^/g. 

7. The eiectrocatalyst of ^laim 5 in which the platlnum-iron-copper alloy is loaded on the canier in a 
highly-dispersed state with a metal surface area of at least 60 m^/g. 

8. The eiectrocatalyst of claim 7 in which the canier has a BET surface area of 60 to 250 m^/g and an 
average particle diameter of 0.1 to 50 microns. 

55 9. The eiectrocatalyst of claim 1 in which the platinum-iron-copper temary ordered alloys is of a cubic 
structure. 

10. The eiectrocatalyst of claim 9 in which the platjnum*iron-copper temary cubic ordered alloy is 
supported on the carrier in a highly dispersed state with an average crystallite diameter of not more than 50 
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11. The eleclrocatalyst of claim 10 In which the amount of the platinum alloy loaded is 0.1 to 30 % by 
weight based on the total weight of the canrier and the alloy. 

12. The electrocatalyst of claim 10 in which the amount of the platinum alloy loaded is 5 to 15 % by 
weight based on the total weight of the canier and the alloy. 

13. The electrocatalyst of claim 12 in which the platinum-iron copper alloy Is loaded on the canier in a 
highly dispersed state with a metal surface area of at least 30 m^/g. 

14. The electrocatalyst of claim 12 In which the platlnum-iron-copper alloy fs loaded on the canier in a 
highly dispersed state with a metal surface area of at least 60 m^/g. 

15. The electrocatalyst of claim 14 in which the carrier has a BET surface area of 60 to 250 m2/g and 
an average particle diameter of 0.1 to SO microns. 

16. A process for producing the electrocatalyst set forth in claim 1. which comprises depositing copper 
on a previously formed platlnum-iron supported binary ordered alloy, again subjecting the product to an 
alloying treatment or depositing iron on the previously formed platinum-copper supported binary alloy and 
then again subjecting the product to an alloying treatment 

17. A process for producing the electrocatalyst set forth In claim 1. which comprises depositing copper 
on a previously fonmed platinum-Iron supported binary ordered alloy, again subjecting the product to an 
alloy ing treatment at a temperature of 600 to 1050 *C. or depositing iron on the previously formed 
platinum-copper supported binary alloy and men again subjecting the product to an alloying treatment at a 
temperature of 600 to 1050 * C. 

18. A process for producing the electrocatalyst set forth in claim 2. which comprises depositing copper 
on a previously formed platinum-iron supported binary ordered alloy, again subjecting the product to an 
alloying treatment at a temperature of 850 to 1050 *C, or depositing iron on the previously formed 
platinum-copper supported binary alloy and then again subjecting the product to an alloying treatment at a 
temperature of 850 to 1 050 * C. 

19. A process for producing the supported platinum alloy electrocatalyst of claim 1. which comprises 
depositing platinum, iron and copper on an electrically conductive powdery cartDon canier. and subjecting 
the product to an alloying treatment 

20. A process for producing the supported platinum, alloy electrocatalyst set forth in claim 1. which 
comprises depositing platinum, iron and copper on a conductive powdery carbon canrier, and subjecting the 
product to an alloying treatment at a temperature of 600 to 1050 ' . 

21. A process for producing the supported platinum alloy electrocatalyst set forth in claim 9, which 
comprises depositing platinum, iron and copper on a conductive powdery carbon canier. and subjecting the 
product to an alloying treatment at a temperature of 600 to 900 * . 

22. An electrode for an acid electrolyte fuel cell, said electrode comprising a supported platinum alloy 
electrocatalyst. a water-repellent binder, and an electrically conductive and acid-resistant supporting 
member to which the electrocatalyst and the water-repellent binder are bonded, said electrocatalyst 
consisting essentially of an electrically conductive powdery cartDon carrier and dispersed in. and deposited 
on. the carrier, an ordered platinum-iron-copper ternary alloy comprising 40 to 60 atomic percent of 
platinum. 13 to 40 atomic percent of Iron and 13 to 40 atomic percent of copper. 

23. The electrode of claim 22 in which the platlnum-iron-copper ternary ordered alloy Is of a face- 
centered tetragonal structure. 

24. The electrode of claim 23 in which the platlnum-iron-copper ternary tetragonal ordered alloy is 
suppored on the carrier in a highly dispersed state with an average crystallite diameter of not more than 50 
A. 

25. The electrode of claim 24 in which the amount of the ternary ordered alloy loaded is about 0.1 to 2 
mg per cm^ of the geometric area of the supporting member. 

26. The electrode of calim 25 in which the water-repellent binder is polytetrafluoroethylene. poly- 
fluoroethylne propylene or a trifiuoroaikoxypolyethylene. 

27. The electrode of claim 26 In which the supporting member is a graphite paper or a tantalum screen 
subjected to a water-repelling treatment 

28. The electrode of claim 22 In which the platinum-iron-copper ternary oniered alloy is of a cubic 

stnjcture. 

29. The electrode of claim 28 In which the platinum-iron-copper temary cubic ordered alloy is 
supported on the carrier in a highly dispersed state with an average crystallite diameter of not more than 40 
A. 

30. The electrode of claim 29 in which the amount of the temary ordered alloy loaded is about 0.1 to 2 
mg per cm^ of the geometric area of the supporting member. 
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31. The electrode of claim 30 in which the water-repellent binder is polytetrafluoroethyiene, poly- 
fluoroethylene propylene or a trifluoroalkoxypolyethylene. 

32. The electrode of claim 31 in which the supporting member is a graphite paper or a tantalum screen 
subjected to a waternrepelilng treatment 
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® Supported platinum alloy electrocatalyst 



© A supported platinum alloy electrocatalyst for an 
acid electrolyte fuel cell, said electrocatalyst consist- 
ing essentially of an electically conductive powdery 
carbon carrier and dispersed in, and deposited on, 
the canier, an ordered plalinum-iron-copper ternary 
alloy comprising 40 to 60 atomic percent of plati- 
num. 13 to 40 atomic percent of Iron and 13 to 40 
atomic percent of copper. The elecfrocatalyst has 
much better initial activity and lifetime than conven- 
tional platinum alone or multi-components altoy elec- 
trocatalysts. A process for producing the supported 
n platinum alloy elect-ocatalyst which comprises de- 
^ positing copper on a previously formed platinum-iron 
(V) supported binary ordered alloy, again subjecting tiie 
lO product to an alloying f eatment, or depositing iron 
W on the platinum-copper supported binary alloy and 
10 ttien again subjecting the product to an alloying 
U> treatment. An electrode for an acid electrolyte fuel 
cell having an excellent output performance and a 
O long operating life is also provided which comprises 
the above supported platinum alloy electrocatalyst 
Ijj and a watar-repellent binder which are bonded to an 
electrically conductive and acid-resistant supporting 
member. 
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